Density of gravitational energy of curved space
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Abstract: Gravitational energy is localized. It is shown that the massless
gravitational energy is enclosed in space, which is curved by matter, according
to Einstein's theory. The density of the gravitational energy of curved space is
found. This solves the problem of the unambiguous localization of gravitational
energy, a problem that Einstein left to the mercy of fate. In the Schwarzschild
case, the receipt of the gravitational energy from space by matter increases the
inertial mass of the matter. Since the gravitational mass of an isolated system is
determined by the curvature of space at infinity, the inertial mass of an isolated
system exceeds its gravitational mass by the value of the gravitational energy
of space.
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1. Introduction
According to the definition, the gravitational binding energy of a system is the minimum energy
that must be added to it in order for the system to cease to be in a gravitationally bound state. As
is known [1,2]? the gravitational binding energy of a ball of (inertial) mass M and radius I is
equal to
U =3yM?/5r, 1)
(we define the radius in terms of the length of the equator: r, =1/2x). This means that the
substance of the ball can be removed to infinity during its explosion if the mass-energy of the
explosive is 3yM? /5, . During the explosion, this energy is first converted into kinetic mass-
energy, and then disappears in the process of expansion as the speed decreases. Thus, the inertial
mass of the ball decreases up to a constant m,
m=M —3yM?/5r,, 2)
which defines the invariable outer Schwarzschild space of the ball that is described by the line
element [3 (100.14)]
1
1-2ym/r
The constant m is the gravitational mass of the ball. It can be expressed in terms of the initial
density of the ball substance according to the formula [3 (100.24)]
m=4nr’p/3. (4)

dI* =g, dr* +r’(do° +sin0do’), g, (r)= (3)
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2. Mass of the ball
Formula (4) shows that using 4xr’ /3 as the volume of the ball does not give the correct value
M for the mass of the ball. This is because, in reality, the volume of the sphere with the
equatorial length 2xr; is greater than 4nr’ /3 due to the curvature of space.

Inside the ball, the metric coefficient g, (r) is [3 (100.19)]

1 3
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The correct mass of the ball was calculated in [4], taking this circumstance into account:
e 2_3ar2dr 3R > o
M = ["p\fg, 4nr dr_zij0 NCorie 4y(sm g-e -t ) =2 @

If the mass of the ball is small, thatis M ~m, &* =8mypr’ /3=2ym/r, =r /1 <1, then
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h
according to (1) and (2). (We denoted here the gravitational radius r, =2ym). If the ball is
compressed to its gravitational radius, & =1, then M =3rnm/4 = 2.36m. For a ball of arbitrary
radius, the binding mass-energy is

U=M—m=3—R(sin‘1§—§\/1—7)—m=2?;23(sin‘1§—.§\/1—7)—m. (8)

4y

3. Mass of the shell
The gravitational binding energy cannot be considered as the energy of the “gravitational field”,
because within the framework of the general relativity, the gravitational field does not exist.
Weyl writes: “Gravity is "leading” (Fiihrung) and not a force” [5]. All gravitational phenomena
are explained by the curvature of space-time. We consider the binding energy as the energy of
space, which is curved by matter, according to the Einstein equation. To determine the energy
density of curved space, we calculate the mass M of a spherical shell of small thickness Ar and

the gravitational mass m . Let the density p be nonzero only between the coordinates r, and r,,
Ar =1, —r,. Then, according to the formula [3 (100.19)], the metric coefficient between these
coordinates is

0.(r) = : - - ©)
" 1-8myp(r* —r)/13r  1-8myp(r—r, )(r> +rr, +r2)/3r
Considering r—r, < r, we have the mass of the shell:
2
M = [“4nr’p g, dr =" dmtipdr (10)
" o \1-8mypr (r 1)
. dx 2 . . .
Usin =—Ja+bx and m=4nar’pAr, in accordance with (4); replacing r, — r, we get
g T b P (4); replacing g

the mass of the shell

M =r(l—«fl—SmprAr)/y:r(l—ﬂfl—Zym/r)/y. (12)



4. Density of the gravitational energy
Now, using (11), one can find the gravitational energy density u [kg/m®] contained in the curved
space. It should be taken into account that outside of the shell there is a curved Schwarzschild
space and inside of the shell the space is Euclidean. So, when the radius of the shell decreases by
dr, a new volume of space with the value dV, is curved and, in this case, gravitational energy is

released: dM =udV, :u4nr2,/gr,dr where g, is from (3). So,

dM 1 2ym ym 1 1 1
1—— 1+ -=- <0. 12
~dr 4ar ﬂ/ g, " 4mr? [ r J 4mr? {,Ig” 2 ZQ”} (12)

5. Binding energy of the ball
Using (12), one can calculate the binding energy of the ball (8) by integrating this space energy
density:

U =—.[0°Ou47zr2 g,dr=M-m. (13)

Only the integral must be divided into two parts, because the metric coefficients g,, inside the

ball and outside the ball are different and equal, respectively
1 1

— g = 14
-2 /R’ I 1-2ym/r (14)

grr:
We show that, in accordance with formula (8),
U =U, +U,, =—[ udzr®fg,dr - [ udzr? grrdr— (smfle; efim 5) m=M —m. (15)

Indeed, the energy coming from the interior space of the baII is equal to

Ui“:_lfor(l_— —N1-r*/R? jdlr———+—smlr T A IRE. (16)
Y

2\1-r*/R? 4y R 4y
The energy coming from the outer part of the space is equal to

1 2ym rr 2ym rr 2
=—= —_— ,/1—— dr:———,f ———m=———«/1— -m. (17
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Summing up (16) and (17), we obtain (15) or (8), which was to be shown.

6. Conclusion
The problem of localization of gravitational energy is solved. The volume density of the
gravitational energy of the Schwarzschild space is given by formula (12). This solves the
problem of unambiguous localization of gravitational energy, a problem that Einstein left to the
mercy of fate [5]. A body that curves space receives the gravitational energy of the curved space
during compression. Accordingly, the density of the gravitational energy of the space is negative,
since the energy density of the Euclidean space is equal to zero.

The gravitational energy U received by the body from the space increases the inertial
mass-energy of the body, according to formula (13). Thus, the inertial mass exceeds the
gravitational mass by the amount of energy of the curved space.



7. Discussion. The principle of equivalence
The excess of the inertial mass M over the gravitational mass m can cause concern about the
principle of equivalence. However, there is no principle of equivalence in Einstein's theory. This
principle asserts the equality of the gravitational force and the force of inertia. But there is no
gravitational force in Einstein's theory. The body lying on a table presses on the table by the
force of inertia, since its world line is curved by the substance of Earth. And this force of inertia,
by definition, is proportional to its inertial mass. As for the (active) gravitational mass of this
body, its operational definition is problematic. The gravitational mass of a body determines an
additional curvature of space at infinity, while the inertial mass of a body determines the
curvature of space according to Einstein's equation

Gy =Ry —R!&; /2=8myT*, y=7.4-10"° m/kg. (18)
But the gravitational mass is preserved during gravitational contraction, since it includes the
gravitational energy of space, and the law of conservation of inertial mass does not exist with

respect to gravitational interactions. Passive gravitational mass does not make sense in the
theory, since there is no gravitational force.

8. Discussion. The mass defect
The increase in the mass of the shell during compression contradicts the popular belief about the
negative gravitational mass defect. Authors of [6] write: “The mass-energy of the Earth-moon
system is less than the mass-energy that the system would have if the two objects were at infinite
separation. The mass-energy of a neutron star is less than the mass-energy of the same number of
baryons at infinite separation”.

But such statements contradict the obvious fact of the increase in the mass-energy of the

Earth-apple system when an apple falls and get the kinetic mass-energy mv® /2 =mgh . On the

contrary, if the velocity of revolving of Moon around Earth is directed away from Earth, Moon
will move away from Earth, and its speed, and, accordingly, its mass will decrease compared to
the initial values, and not increase, as the authors claim.

Consider now the removal of baryons of a neutron star to infinity. This removal requires
mass-energy. But there is nowhere to take this mass from, except from the star itself. So when
you remove baryons, you have to reduce the mass of the star. The mass has to be taken away
from the baryons and introduced into the curved Schwarzschild space. This mass is spent on
straightening the curved space, on increasing the space energy from a negative value to zero.

9. Discussion. The pseudo-tensor
Einstein's theory, expressed by equation (18), does not contain the concept of gravitational
energy. Various versions of the pseudo-tensor have been devised to introduce gravitational
energy into the theory. It seemed that success had been achieved. Tolman writes [7, p. 250]:
“This satisfactory result can serve to increase our confidence in the practical advantages of
Einstein's procedure in introducing the pseudo-tensor densities of potential gravitational energy

a 1 uv a£ 24 2

and momentum t; 167:{ g, o + gﬂﬁf}.

Unfortunately, this expression is wrong. The pseudo-tensor gives a positive value for the
gravitational energy of the liquid sphere, contrary to the our result (13) and to the Tolman
equation [7 (97.10)],




m=jpdV0+I%pde , y<0 (19)

where the gravitational energy I%pl/ldv IS negative due to y < 0. This is shown in [4].
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Gravitational binding energy

Article Talk

From Wikipedia, the free encyclopedia

The gravitational binding energy of a system is the minimum energy
which must be added to it in order for the system to cease being in a
gravitationally bound state. A gravitationally bound system has a lower (i.e.,
more negative) gravitational potential energy than the sum of the energies
of its parts when these are completely separated—this is what keeps the
system aggregated in accordance with the minimum total potential energy
principle.

For a spherical body of uniform density, the gravitational binding energy U
is given by the formulal?/*!

. 3eM
5R
where G is the gravitational constant, M is the mass of the sphere, and R is
its radius.

Derivation for a uniform sphere edi]

The gravitational binding energy of a sphere with radius R is found by imagining that it is pulled apart by successively moving
spherical shells to infinity, the outermost first, and finding the total energy needed for that.

Assuming a constant density p, the masses of a shell and the sphere inside it are:

2
Mgpen = 4dmr-pdr
and

4 3
Minterior = T P

3
The required energy for a shell is the negative of the gravitational potential energy:

dU = —C MMshell Minterior
T

Integrating over all shells yields:

16 , ,

r (4mr%p) ($7r°p) R 165055
U= —G/ — ' =Gl / ridr = —Goon?pR®
g 577 ), 15

r

Since p is simply equal to the mass of the whole divided by its volume for objects with uniform density, therefore

M

4-R3
31rR

p:

And finally, plugging this into our result leads to

2
16 , o M 3GM*?
T (%ﬂp) )

Gravitational binding energy

3GM?
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I'myOokoyBaxkaemslii Paguii Uropesuy,

Peaxomrerneii TM® npunsTo pemenune 06 orkionenun Barreii crateu "Density of
gravitational energy of curved space" Ha ocHoBaHHMH O0T3bIBa pericH3eHTa. OT3bIB MPUIIAraeTCsl.
OtBercTBeHHBIN cekperaps TM® B.B.JKapunon

Peuensusn nas TM®
Crates: Density of gravitational energy of curved space
Aptop(p1): Khrapko R.1.
[Mousitue sHepruy B 00LIEH TEOPHH OTHOCHTEILHOCTH /10 CHX I10P sIB/SETCS
NPEMETOM JAHCKYCCHIH, MTOITOMY aBTOPY HEOOXOAMMO CllenaTh Cleayrolee:
1) Cebutok [1,2] nenocratouno. Hykio ykasaTb win HoMep (OpMYJibl, HIH
HOMEp CTPaHHIIbl, MM HOMep naparpada, Ha KOTOpBIif aBTOP CChUIAETCH.
2) JlaTb cTpOroe onpeae/ieHHe SHEPruu.
3) Mars onpeaenenne “binding energy”.
4) Jlath onpeaeneHue MIOTHOCTH YHEPIHH.
5) Jloka3arb, 4TO JaHHbIC ONPeIe/IeHHE HENPOTHBOPCYHBBI, B YACTHOCTH,
YKa3aTh, YTO IHEPIHs B KAKOM-TO CMBICTIE COXPAHSIETCS.
6) Ha ocHOBE JaHHBIX Onpeae/icHHi BeIBECTH (hopmyny (1).
Jlo Tex 1op, noka 31o He Oy/1eT BLIIOIHEHO, BBIBO/IbI ABTOPA HEllb3s CHUTATH
000CHOBAaHHBIMH, H 00CYKAaTh HEJOCTATKH HE HMEET CMBICIIA.
Cyurato nybnukauuio ctarb B TM® HenenecoodpasHoi.

Crarbs 0TKJIOHeHa 0e3 peueH3uu ;kypHajaoM Ilucema B ZAKITD

VYeenomienne | Notification
VBaxaemslii aprop! braromapum Bac 3a HampapieHue Baiiel pykomnucu "Density of
gravitational energy of curved space” PisSJIETF2360436 B »xypuai [Tucbma B
XKOT®. Ilocne TIATENBHOIO PACCMOTPEHHUS PYKOIIUCH HAILMMU PEJAKTOPAaMU, Mbl
coo0111aeM, YTO HE MOKEM €€ OIyOJIMKOBaTh B HAIlleM JKypHalie. B ciyuae, eciiu pejakTopsl
3aKJIIOYAIOT, YTO PYKOIHMCh HE COOTBETCTBYET KPUTEPUSM HAIIEro KypHalla
(http://jetpletters.ru/ru/info.shtml) onu BeIHOCAT pelieHue Oe3 HaNpaBIICHHS CTaThH HA
BHEIIIHEE PELIEH3UPOBaHNEe. B JaHHOM cilydae pacCMOTpPEHHE MOKa3allo, YTO PYKOIUCH HE
COJIEP’KUT HOBBIX NTPaBUJIbHBIX PE3YJIBTATOB 3aCIyKMBAIOIIUX KPUTHUECKOTO PACCMOTPEHHUS.
ITo nopyuenuto Peakomnernn 3aB. penakuueit VpwvHa MogpiHnrnasosa

Aneyisinusa

VYBaxkaemas VpuHa lNogbiHUrnasoea.
Pemenne Penkosnernn HenpueMiaeMo, IOTOMY 4TO JIOKAJIM3ANMSA TPABUTALMOHHON YJHEPIruu
HC 3aCJIy’Kujia y PCI[KOJIJICFI/II/I pPaccMOTpCHHUA. 910 YK€ TPCThA CTAThA O JIOKAJIU3allnun
FpaBHTaHHOHHOﬁ OHEPruu, Ha KOTOPYIO pC€aAaKuA HE CMOTJIa CO3AaTh HUKAKYIO PEUCH3UIO.

It is appropriate to quote here from Max Planck:
“An important scientific innovation rarely makes its way by gradually winning over and
converting its opponents: it rarely happens that Saul becomes Paul. What does happen is that its
opponents gradually die out and that the growing generation is familiarized with the idea from
the beginning”
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[Planck M., The Philosophy of Physics (George Allen & Unwin, London, 1936), p. 90.]
Cordially, Radi Khrapko

khrapkori.wmsite.ru/

PS.

N3BectHO, DiHIITENH OTKIOHWI cTaThio @puamana o paciupsrouieiicss BeeneHHoi, OCKOIbKY
OHA, I10 €0 MHCHHIO, HE COJACPIKajia HOBBIX IIPaBUJIbBHBIX PE3YJIBTATOB 3aCIYKHBAOIIUX

KPUTHUYECKOI'O PACCMOTPEHUS.
DUHITENHY — NPOCTUTENBHO. OH 3alMIIal MOJYYeHHBIN UM pe3yabTar. HelHe penakTopsl
3aIIMLIAI0T CBOU IPECTUK.



